The relationship between the relative abundance of ureides (Iureide-N/ ureide-N plus nitrate-NI x 100) in the shoot axis (stems plus petioles), nodulated roots and leaflets of "Bragg" soybean ( Glycine max IL.I Merrill) and the symbiotic dependence of these plants was examined under glasshouse conditions. Plants, inoculated with effective Rhizobium japonicum CB1809, were grown with their roots exposed continuously to a nutrient solution containing either 0, 1.5,3.0,6.0 or 12.0 miDlimolar N03-N per liter. and, to a lesser extent in leaflets and nodulated roots, reflected that found in the xylem (7). However, the proportions of total soluble-N identified as either ureides or amino compounds were low for both species, averaging between 30 and 36% for roots, 33
house conditions. Plants, inoculated with effective Rhizobium japonicum CB1809, were grown with their roots exposed continuously to a nutrient solution containing either 0, 1.5,3.0,6.0 or 12.0 miDlimolar N03-N per liter.
Nodulation and N2-acetylene fixation were correlated inversely with the level of nitrate. Seasonal acetylene reduction profiles for each of the nitrate treatments were integrated and the symbiotic dependence (IN2 fixed per total plant NI x 100) determined using a conversion ratio of 1.5:1 (acetylene reduced:N2 fixed), calculated from the zero NO3 treatment. Examination of the nitrogenous solutes of the shoot axis and nodulated roots showed linear relationships between the relative abundance of ureides and the symbiotic dependence of the plants. Two standard curves, depicting these relationships during vegetative and reproductive growth, were drawn for each plant part. The overriding effect of plant age invalidated any attempt to develop a standard relationship for leaflets. Data from two diurnal studies suggested that relative ureides were insensitive to diurnal fluctuations, thus simplifying sampling procedures. Plant material could be stored at ambient temperatures (20-30°C) for and, to a lesser extent in leaflets and nodulated roots, reflected that found in the xylem (7) . However, the proportions of total soluble-N identified as either ureides or amino compounds were low for both species, averaging between 30 and 36% for roots, 33
and 39% for leaflets, and 56 and 70%o for the shoot axis. Unidentified compounds such as nucleotides, low mol wt peptides, alkaloids, and Chl would have comprised the remainder (5). These data suggest that analyses of plant tissues for ureides and nitrate rather than analyses of xylem sap for ureides and total N may facilitate adaption of the ureide technique to field studies. This paper describes experiments on the relationship between the symbiotic dependence of soybean plants and the relative abundance of ureides and nitrate in plant tissues. Diurnal fluctuations in relative contents of solutes will affect interpretation of standard curves and therefore sampling procedures. As a result, two diurnal studies are reported; one using glasshouse-grown plants, the other using plants grown in the field. Time-lags between sampling of field-grown material and treatment, e.g. dehydration, freezing, are common and such delays may affect significantly the relative contents of plant compounds. Accordingly, effects of storage of sampled plant parts prior to treatment are also reported. (8, 13, 14, 16) and detailed tracer experiments using '5N and 14C (8, 15) revealed that the ureides, allantoin and allantoic acid, were (a) products of N2 fixation, (b) responsible for transporting approximately 80o of fixed N from the root nodules of fully symbiotic plants, and (c) present in only minor amounts in plants dependent upon mineral N for nitrogen. These observations suggested that the abundance of ureides in the plant may reflect the symbiotic dependence of the plant and provide a quantitative assay of N2 fixation (2, 10) . Later reports (11, 18) , based on analyses of xylem sap (as root bleeding sap) of glasshouse-grown plants for ureides and total N, confirm this, although difficulties in collecting xylem sap in field-grown plants may limit the widespread adoption of this technique. Streeter (20) Table I ). Plants were separated immediately into nodulated roots and shoots. N fixation activity was assessed for each treatment using the acetylene reduction assay (21) . Decapitated roots (with nodules intact) were placed in 1.25 L gas-tight preserving jars (4 jars/treatment). A 125 cm3 volumne of air was removed from each vessel and replaced with an equal volume of acetylene. Nodulated roots were incubated for 30 mi. Duplicate 1-cm3 samples of gas were then withdrawn from each vessel and analyzed for ethylene by gas chromatography using a flame ionization detector. Roots and nodules were separated, dried at 80°C for 48 h, and weighed. They were recombined and ground to pass through a 1-mm sieve. Shoots were dried, weighed, and divided into two samples. One half was separated into the shoot axes (stems plus petioles) and leaflets for grinding as above. The other half was left intact and ground. Total N values of shoots and nodulated roots were determained by Kjeldahl analysis. Samples (1 g) ofshoot axes, leaflets, and nodulated roots were extracted with 25 ml boiling water for 2 min (1). The extracts were filtered, made up to volume (50 ml), and stored at -15°C to be analyzed later for nitrate by autoanalysis (6) and ureides by TLC (9) and colorimetrically as the phenylhydrazone of glyoxalate (23).
Xylem exudate was collected as bleeding sap from the cut base of plant stems on day 51 (growth state RI) (17) . Sap was collected for a 20-min period at noon and frozen immediately to be analyzed for ureides and nitrate as detailed above. a A diurnal correction factor of 1.0 was used. All acetylene reduction assays were done at noon, when activity was equal to the mean activity for assays throughout the diurnal period (see Fig. 5C ). h Calculated using the conversion ratio of 1. (Fig. IA) and lowest rates of N2-acetylene fixing activity (Fig. 1B) . The completely symbiotic plants (zero NO3) produced the most nodule tissue and showed the highest acetylene-reducing activity. Maximum dry weight of nodules was recorded for each treatment during the R5 to R6 stage of development. When compared with the fully symbiotic plants, nodule mass/plant was reduced by 25 to 40% with addition of 1.5 mM NO3, 40 to 67% (3.0 mm NO3), 77 to 91% (6.0 mM NO3), and 83 to 97% (12.0 mm NO3).
Nitrogen fixation by, and hence symbiotic dependence of, each of the five nitrate treatments was assessed using the acetylene reduction assay. There are recognized difficulties in using this technique quantitatively in field studies (19) Fig. 1 B) were integrated and the amounts of acetylene reduced/plant over the whole growth cycle determined after correction for diurnal variation in acetylene reduction activity (Table II) . For each treatment, total N uptake/ plant was also calculated and compared with N2 fixed/plant as estimated from the integrated seasonal profiles and converting acetylene reduced to N2 fixed using the ratio of 1.5:1 (see footnote, Table II ). Symbiotic dependence of plants (N2 fixed as percentage of total plant N) for the five nitrate treatments was then determined. The acetylene:N2 ratio was low when compared to the theoretical ratio of 3 to 4.5:1 (21) . Decapitation of soybean plants prior to assay resulted in decreases of between 55 and 63% in acetylene reduction activity (12, 22) . In the present study, nodulated roots rather than whole plants were used for assay because of the problems of accommodating large volumes of shoot in the assay vessel. Higher rates of activity from whole plants would have resulted in a significantly higher conversion ratio. However, consistent assay procedures for all treatments validate the use of the calculated ratio of 1.5:1 (Table II) .
Examination of the solutes of the stems plus petioles showed that the relative abundance of ureides (expressed as ureide-N as a percentage of ureide-N plus nitrate-N) decreased with increasing levels of nitrate ( Fig. 2A) . For each treatment, there was an effect of plant age due to increased concentrations of ureides and lower nitrate levels in tissues harvested during reproductive growth when compared to tissues harvested during vegetative growth. For example, plants fed 3.0 mm NO3 showed mean concentrations of ureides of 9.4 and 20.6 ,umol/g dry weight during vegetative and reproductive periods, respectively. Mean nitrate contents for the same two periods of growth were 149 and 138 ,umol/g dry weight.
As a result, the relationships for the two periods between the relative abundance of ureides in the shoot axis and the symbiotic dependence of the plants are presented (Fig. 2B) and are described by the following equations:
vegetative growth, y = 1. 161 + 0.838x R2 = 0.95 reproductive growth, y = 16.800 + 0.893x R2 = 0.90 Effects of nitrate on the relative abundance of ureides in nodulated roots are shown in Figure 3A . Again, relative abundance of ureides were not constant throughout growth and two phases are recognized. Standard curves were drawn (Fig. 3B) , described by the following equations:
vegetative growth, y = -5.411 + 0.797x R2 = 0.89 reproductive growthy = -3.518 + 0.963x R2 = 0.97 Examination of the effects of nitrate on the relative abundance of ureides in leaflet tissues suggests an overriding effect of plant age (Fig. 4) (10, 18) , total concentrations of xylem sap N in the present study (Fig. 5) .
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The relative abundance of ureides displayed no diurnal variation in either glasshouse or field experiments and, as occurred with the previous experiments (Figs. 2, 3 , and 4), was highest in leaflet tissues and lowest in nodulated roots. Previous work (11) had suggested little change in relative ureide contents of xylem sap during a 24-h period. The relative abundance of ureides (Fig. 5A) and low rates of acetylene reduction activity (Fig. 5C) (Fig. 5B ) and high rates of acetylene reduction (Fig.  5D ) suggested an almost total dependence upon N2 fixation by these plants. Diurnal acetylene-reducing activity peaked at 1800 h for both glass house and field grown plants.
The time-lag between sampling of plants, especially from field plots, and oven drying of plant tissues prior to extraction and analyses may be considerable and differential degradation of solutes may occur leading to false conclusions. Data on effects of storage prior to drying suggest that plant material can be stored for up to 24 h with no obvious effects on relative ureides in any of the tissue extracts (Fig. 6) .
To conclude, analyses of tissue extracts of soybean showed that the relative abundance of ureides and nitrate in the shoot axes and nodulated roots reflected the symbiotic dependence of the plant. For each plant part, two phases in the growth cycle of the plants were recognized and, as a consequence, two standard curves drawn. With leaflets, the significant effect of plant age invalidated any attempt to relate the relative abundance of ureides and nitrate to N2 fixation. Relative ureides were consistent over a diurnal period, thus simplifying harvest procedures and eliminating the need for diurnal correction. Plants could be stored for up to 24 h prior to drying. The shoot axis (stem and petioles) provided the most useful target organ for tissue analyses when this technique was used as a quantitative assay. Sampling of stems and petioles in field plants is simple and total recovery of tissues is not a problem as with below ground organs.
